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Abstract
Microplastics have been introduced into the marine environment either directly from
runoff or through the weathering of larger plastic debris. Currently, there was not widespread
data on the distribution of microplastic particles in marine environments in the southeastern
United States. Microplastic particles provide a surface for microorganisms to colonize and have
the potential to serve as a vector for pathogenic bacteria distribution. Various studies have
demonstrated that a wide variety of marine life can readily ingest microplastics due to their
small size. The filter-feeding nature of bivalves exposes them directly to microplastics present in
the environment. The purpose of this research project was to determine whether microplastic
abundance correlated with the presence of the potential oyster pathogen V. splendidus. Along
coastal Georgia, water and sediment samples were collected at 14 sites. Samples were
collected on Sapelo Island, a state-protected island, and Tybee Island, a heavy tourist island.
Due to the differences in anthropogenic impacts on the islands, it was hypothesized that there
would be a significant difference in the abundance of microplastics on the two islands. The
water and sediment samples were filtered and examined for microplastic fibers and
microbeads. The water samples were further analyzed with quantitative polymerase chain
reaction (qPCR) for the presence of V. splendidus. There was no significant correlation between
microplastic abundance and the presence of V. splendidus. Although the bacteria were present
at some sites, there was an absence of the tested pathogenic strains at all collection sites
except for three sites on Sapelo Island. Since Tybee Island was a more populous destination,
there was a significant abundance of microplastics on the island.
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Introduction
There is a large demand globally for plastics because of its versatility and low cost
compared to other conventional materials. This is especially relevant for determining packaging
material because plastic is cost-efficient. Large quantities of plastics are produced each year. It
has been estimated that the global production of plastics in 2015 was about 269 million tons
(Yu et al., 2018). Over a third of the plastic resin that is produced is used for packaging materials
(Andrady, 2011). A great deal of packaging material is classified as single-use and disposable
items and as a result, is discarded immediately after the first use. These discarded plastics end
up in the environment creating plastic pollution. It is, therefore, not surprising to find plastic
waste in aquatic systems. Plastic waste in water systems is a common occurrence, one study
reported that in 2010 over 5 million tons of plastic were discharged into the ocean (Yu et al.,
2018). The earliest reports of plastic debris in the ocean date back as early as the 1970s
(Andrady, 2011). Numerous studies report how plastic debris has negatively affected marine
species. Multiple sources have alluded to plastics posing as an environmental hazard because
they are slow to degrade. These hazards include but are not limited to death, ingestion, and
entanglement by marine species as well as negatively affect the tourism and marine industries
economically (Yu et al., 2018). Discarded plastics vastly range in size from microplastics (< 5mm)
to macroplastics (> 200mm) (Laganà et al., 2019).
The most common classification of marine plastics debris includes polyethylene (plastic
bags, straws, and bottles), polypropylene (rope, heat resistant food containers, and bottle
caps), polystyrene (food packaging, bait boxes), polyethylene terephthalate (single serving soft
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drink and water bottles) and polyvinyl chloride (vinyl flooring, toys, and food packaging)
(Andrady, 2011). Beach litter and land-based sources contribute to roughly 80% of plastic debris
(Andrady, 2011). According to Andrady, the other 20% of the plastic found in the ocean is due
to the fishing industry (Andrady, 2011). Discarded plastic is considered the most widespread
anthropogenic contaminant (Laganà et al., 2019). Plastic debris < 5mm in size, called
microplastics, have been of great environmental concern in recent years (Yu et al., 2018). These
microplastic particles tend to present in the forms of fibers and beads and they can be derived
from larger plastic debris, synthetic fibers like polyester and polyamide in clothing, as well as
microbeads in consumer care products (Curren and Leong, 2019; Oberbeckmann et al., 2015). It
is estimated that microplastics accumulation dated back over the last five decades (Andrady,
2011). Microplastics have been introduced into the marine environment either directly from
runoff or through the weathering on larger plastic debris.
Microplastics impact multiple trophic levels due to their relatively small sizes and low
densities (Yu et al., 2018). These particles are widespread in marine environments including
protected areas. Also, microplastics can serve as carriers for persistent organic pollutants
(POPs), transferring them to aquatic organisms that ingest them (Yu et al., 2018). POPs are
defined as chemicals that persist in the environment, can bio-magnify and bioaccumulate in
organisms (World, 2020). They are chemicals intentionally produced for agricultural and
industrial use, or unintentionally produced as a byproduct of burning trash, municipal and
medical waste. In 2001, the Stockholm Convention treaty was signed by over 90 countries to
reduce and eliminate the production, release, and use of 12 POPs (EPA 2020). These POPs are
known as the Dirty Dozen: aldrin, chlordane, dichlorodiphenyltrichloroethane (DDT), dieldrin,
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endrin, heptachlor, hexachlorobenzene, mirex, toxaphene, polychlorinated biphenyls (PCBs),
polychlorinated dibenzo-p-dioxins, and polychlorinated dibenzofurans (EPA, 2020). Although
most of the Dirty Dozen are no longer produced in the United States, they can still be present in
the environment from unintentional production and its transport from other parts of the world
via air and water (EPA, 2020). The potential implications of biomagnification of POPs in the food
web have not been well studied, therefore it is inconclusive of how severe the impact may be
(Andrady, 2011).
Microplastic particles have the potential to serve as a vector for bacteria distribution.
Surfaces like microplastics, when exposed to seawater absorb high amounts of organic
nutrients that attract microorganisms to begin colonizing (Oberbeckmann et al., 2015).
Oberbeckmann et al. (2015) suggest that microplastics were a source of diverse and
metabolically complex microorganisms (Oberbeckmann et al., 2015). Microplastic particles
present a surface for a complex biofilm of bacteria and other microorganisms to colonize.
Microplastic particle sedimentation could potentially be quickened due to biofilm formation
because biofilm can affect the physical properties of the polymer such as buoyancy
(Oberbeckmann et al., 2015). Multiple studies have shown that polyethylene has been
colonized as quickly as one week of being exposed to a marine environment (Kirstein et al.,
2016). The communities that colonize plastic particles can differ greatly from the microbial
communities in the marine water surrounding it (Zettler et al., 2013). Zettler et al. have named
this habitat anomaly the “Plastisphere” (Zettler et al., 2013). Bacteria species such as Vibrio
parahaemolyticus and Pseudomonas alcaligenes have been found to colonize microplastics in
marine environments (Curren and Leong, 2019; Kirstein et al., 2016).
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The advisory organization to the United Nations, the Joint Group of Experts on the
Scientific Aspects of Marine Environmental Protection (GESAMP), recommended researching
the capacity plastics and microplastics have on organism distribution (Amaral-Zettler et al.,
2015). Kirstein et al. (2016) suggest that there should be a sense of urgency in analyzing the
biogeography of microplastics in the marine environment (Kirstein et al., 2016). Due to the
inadequate disposal and durability of plastic, it is rapidly accumulating in the oceans. These
particles can then be transported over large distances by wind and the ocean’s current.
Since plastics are mainly of anthropogenic origins, it is expected that urbanized areas
along the coast would contribute to the presence and prevalence of microplastics in marine and
coastal environments. Georgia’s coastal region is an important recreation, fishing, and tourism
region of the state. It is, therefore, quite urbanized and receives high volumes of human traffic
on an annual basis. There is currently a dearth of data on the distribution of microplastics along
the southeastern coastline (Yu et al., 2018). The goal of this thesis was to determine the
association and correlation of microplastics to the presence of the potential oyster pathogen V.
splendidus on a highly urbanized barrier island (Tybee Island) and protected unurbanized island
(Sapelo Island). We hypothesize that Tybee Island which is more urbanized would have more
microplastics and therefore more incidences of V. splendidus. The study also investigated the
potential of heavy metal contaminants and fecal pollution to gain a holistic insight into the
environmental health of the two islands.
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Literature Review
There are various environmental degradations that plastic particles can undergo in
marine environments. The degradations that have the most impact on plastics in marine
environments are biodegradation (usually involves microbes), photodegradation (due to the
UV-B radiation in sunlight) and, thermo oxidative degradation (which is considered the gradual
oxidative breakdown) (Andrady, 2011). A previous study conducted by Andrady observed the
weathering of low-density polyethylene and it was discovered that photodegradation occurs at
a slower rate for plastics floating in the water compared to plastic (Andrady, 1990). Depending
on the amount of fouling on plastic debris, the density of the plastic particle can increase
significantly allowing the debris to reach benthic regions in marine environments (Andrady,
2011).
In a study conducted by Clemson University, the distribution and occurrence of
microplastics along the southeastern coast of the United States were evaluated (Yu et al.,
2018). They also explored factors that have an impact on the distribution of microplastics.
Sixteen United States National Park Services units were used as sampling sites (Yu et al., 2018).
Sites ranged geographically from North Carolina to Texas and then two sites were sampled in
the United States Virgin Islands. Each site was sampled by park staff at locations where large
debris has been consistently observed from July to October in 2013. Although these sites are
protected and do not receive many negative anthropogenic impacts, they are still susceptible to
marine debris stressors that nonprotected coastal sites encounter as well (Yu et al., 2018). All of
the sites sampled in this study vary in their distance from urbanized areas, which linked with
wastewater discharge, the primary source of marine microplastics (Yu et al., 2018). This study
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aimed to evaluate the widespread distribution of microplastics due to the protected nature of
the sites as well as provide information on the microplastic abundance in these marine
environments. These study sites varied spatially and included barrier islands, estuaries, and
distance from urbanized areas (Yu et al., 2018). The factors mentioned are important when
trying to understand the distribution and occurrence of microplastics along the southeastern
coastline. Fibers, pellets and irregularly shaped microplastics were discovered at all 16 sites
with the most abundant (averaging 306-443 pieces per kg of sand) located Fort Sumter National
Monument, Fort Pulaski National Monument, Gulf Island National Seashore (Horn island), and
Virgin Islands National Park (Yu et al., 2018). Of the plastic-type observed, fibers were the most
frequently found. It was suggested that the fiber microplastic particles stem from wastewater
effluent and fishing equipment and not solely from the breakdown of larger ocean plastic
debris (Yu et al., 2018). Fourier transform infrared spectroscopy (FTIR) determined that
polyethylene terephthalate (PET) was the most common plastic-type (Yu et al., 2018). That
particular study concluded that the abundance and distribution of microplastics were strongly
influenced by its proximity to urban areas and the ocean currents (Yu et al., 2018).

The Presence of Microplastics in Marine Invertebrates
Microplastics smaller than 1mm in size can negatively impact marine biota
(Cauwenberghe and Janssen, 2014). Microplastics’ impact on marine life depends on their
position in the water column, sediment, density, biofouling, and turbulence of the water
(Cauwenberghe and Janssen, 2014). A wide variety of marine life can readily ingest these tiny
microplastics at lower trophic levels by organisms such as copepods, krill, mollusks in the larvae
stage, and bivalves. For higher trophic level organisms microplastics can either be ingested
`
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indirectly by consuming lower trophic level organisms that have ingested the particles or by
directly ingesting microplastics themselves. In a study conducted by Besseling et al. (2013),
bioaccumulation of POPs has been observed in lungworms (Besseling et al., 2013). This study
observed the effects of polystyrene contaminated with PCB at a low concentration had on
lugworms. Additionally, a positive relationship between the ingestion of microplastic particles
and weight loss was discovered (Besseling et al., 2013). Once in the body, microplastics can
either enter the epithelial cells in the intestinal tract or enter the circulatory system which has
been seen in mussels (Cauwenberghe and Janssen,2014). The filter-feeding nature of bivalves
exposes them directly to microplastics present in the environment.
A study conducted by Cauwenberghe and Janssen investigated the existence of
microplastics in cultured bivalves (Cauwenberghe and Janssen, 2014). The oyster species,
Crassostrea gigas (C. gigas), and the mussel species Mytilus edulis are commonly farmed and
commercially imported species. The mussels were acquired from an aquaculture in Germany
raised in the North Sea. The oysters originated from the Atlantic Ocean off of the coast of
Brittany, France but were purchased at a grocery store (Cauwenberghe and Janssen, 2014).
Cauwenberghe and Janssen’s (2014) study concluded that microplastics were present in both
marine species. Cauwenberghe and Janssen noted that commercially grown bivalves are
exposed to the same conditions as bivalves naturally found in the ocean. Therefore, they are
susceptible to the same pollutants as their non-farmed filter-feeding counterparts
(Cauwenberghe and Janssen, 2014). Mathalon and Hill (2014) detected a higher abundance of
microplastics in farmed mussels compared to naturally occurring mussels in Nova Scotia
(Mathalon and Hill, 2014).
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There is a trend of increasing evidence that marine invertebrates are ingesting
microplastics, therefore, causing them to enter into the food web for possible biomagnification
throughout trophic levels. In addition to the biomagnification of microplastics, the
biomagnification of POPs is likely as well. This could potentially have an impact on our
consumption of seafood because it is generally produced in open systems/natural marine
environments and therefore are exposed to microplastics. The reported concentration of
microplastics in water columns ranges from < 1 particle per m3 to hundreds of particles per m3
(Cauwenberghe and Janssen, 2014).

Vibrio splendidus Impact on Marine Invertebrates
Vibrio splendidus are rod-shaped gram-negative bacteria belonging to the Vibrio genus
and the class Gammaproteobacteria (Kirstein et al., 2016). Species in the Vibrio genus are
considered facultative anaerobes that are abundant in marine waters, sediments and estuarine
environments (Gay et al., 2004; Le Roux et al., 2004; Nasfi et al., 2015). Vibrio splendidus strains
genetically belong to a complex polyphyletic group (Le Roux et al., 2004; Saulnier et al., 2010).
Species associated with this clade include V. splendidus, V. crassostreae, V. tasmaniensis, and V.
cyclitrophicus (Bruto et al., 2018; Nasfi et al., 2015). The members of the clade have the
potential to be reclassified due to their similarity in the 16S rDNA gene sequence (Nasfi et al.,
2015). The gyrB genes are associated with all V. splendidus related strains (Saulnier et al.,
2010). It has been difficult to establish the pathogenicity potential of V. splendidus (Gay et al.,
2004). The pathogenic strains of V. splendidus do not have distinguished phenotypic or
genotypic characteristics to differentiate them from non-pathogenic strains. The virulent strain
V. splendidus LGP32 was found to have genes that encoded the OmpU, Vsp, and
metalloprotease Vsm proteins which contribute to virulence (Nasfi et al., 2015). Nasfi et al.
`
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(2015) suggested that there was no correlation between the phenotype and genotype of
virulent V. splendidus (Nasfi et al., 2015). Gay et al. (2004) suggested testing a strain’s virulence
through experimental infection (Gay et al., 2004; Le Roux et al., 2002).
Vibrio splendidus related strains have been found in the association of Crassostrea gigas
(Pacific Oyster) and other marine species’ mortality (Gay et al., 2004). Temperature and gene
expression have been shown to regulate the virulence of this opportunistic pathogen (Liu et al.,
2016). The V. splendidus JZ6 strain demonstrated an increase in virulence at a lower
temperature of 10 °C compared to 28°C. The virulence was evaluated by examining the
expression levels of the genes at both temperature conditions (Liu et al., 2016). The genes in
the “Vibrio cholerae pathogenic cycle” include toxS, cqsA, cqsS, rpoS, hapR, and vsm. These
genes regulate transmembrane proteins (ToxS), are transcription regulators that are influenced
by temperature (CqsA and CqsS), codes for RNA polymerase (RpoS), a protein that regulates
protease (HapR) and a protein that is responsible for secreting extracellular zinc
metalloprotease (Vsm) (Liu et al., 2016). All six genes showed an increase in expression levels
at 10°C (Liu et al., 2016). It was unclear whether V. splendidus pathogenicity was contained to
limited strains or if it was a trait of the entire species (Bruto et al., 2018).
A study by Nasfi et al. (2015) developed a novel multiplex classification of V. splendidus
isolates (Nasfi et al., 2015). Samples were collected at sites where mollusks were produced
along the coast of France, Italy, Spain, Ireland, and the Netherlands, with the majority collected
in France (Nasfi et al., 2015). Samples were taken from C. gigas, Mytilus edulis, and Mytilus
galloprovincialis as well as from the seawater, sediments, and filtered zooplankton during and
between outbreaks. The isolates were identified via real-time PCR and positive strains
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underwent variable-number tandem-repeat (VNTR) analysis (Nasfi et al., 2015). Primers were
not designed to differentiate species within the V. splendidus clade, the 16S primers were used
to associate isolates to the clade (Nasfi et al., 2015). A multiplex of seven primer pairs amplified
all of the V. splendidus clade strains was established after reducing redundant primer sets.
Nasfi et al. (2015) suggested that virulent strains of V. splendidus have been misclassified.
Nasfi et al. (2015) found that two virulent strains LGP32 and LGP31 were related to the
V. splendidus clade species V. tasmaniensis (Nasfi et al., 2015). Vibrio tasmaniensis virulence
was reliant on the outer membrane protein ompU and metalloprotease vsm genes. The OmpU
porin was resistant to antimicrobial peptides and served as an adhesion protein and in host
interactions. Metalloprotease vsm involved in the production of extracellular proteins are toxic
to mollusks (Liu, R., L. Qiu et al., 2016; Nasfi et al., 2015). Proteolytic degradation is essential in
the physiological process of gene expression in bacterial cells (Liu, R., L. Qiu et al., 2016). It was
determined that these virulence factors were potentially harbored in environmental strains
(Nasfi et al., 2015). The study found no correlations between the phylogenies of ompU and vsm,
concluding the possibility that these virulent genes could be gained or lost independently of
each other (Nasfi et al., 2015). There was also no association between the existence of these
genes and the VNTR results, suggesting that horizontal gene transfer could be a potential
explanation for the presence of the genes among the isolates (Nasfi et al., 2015).
A study conducted by Gay et al. (2004) sought to describe tissue alterations of oysters
after V. splendidus exposure (Gay et al., 2004). Two strains, 31 and 32, used in their experiment
were purchased from a collection and isolated from C. gigas that died during a mortality
outbreak. The strains were classified based on phenotype and an analysis of the 16S rDNA and
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DNA gyrB gene (Gay et al., 2004). A bacterial suspension was created and injected in the
adductor muscle or into the mantle cavity of the oysters, their mortality was recorded daily.
The phenotypic analysis concluded that the two strains were more than 80% similar to strains
in V. splendidus polyphyletic group (Gay et al., 2004). Mantle cavity injected oysters
experienced mortality as early as seven days. Degeneration and lesions of the adductor muscle
were the only physical alteration after V. splendidus infection (Gay et al., 2004).
There has been a reoccurring theme of C. gigas spat mortality during summer months
across the world in both hatcheries and the marine environments (Le Roux et al., 2002).
Members of the Vibrio genus have been associated with many marine species mortalities
including oysters in the C. gigas species (Le Roux et al., 2002). Le Roux et al. (2002) isolated a V.
splendidus strain, TNEMF6, from a mortality outbreak of wild oysters (Le Roux et al., 2002).
They studied the association of outbreaks and the prevalence of TNEMF6 along the coast of
France. Their study found that 14 strains were identified as V. splendidus biovar II based on a
biochemical assessment however a DNA/DNA hybridization concluded that the strain TNNIII7
was the only one like TNEMF6. TNIII7 did not exhibit any virulence factors even though it was
genetically similar to the pathogenic strain TNEMF6. Le Roux et al. (2002) also stated that their
findings could not identify the pathogenicity of V. splendidus species and concluded that there
were not any phenotypic or genotypic features that distinguished pathogenic strains from
nonpathogenic strains (Le Roux et al., 2002).
In France, V. splendidus has been associated with oyster spat mortality during the
summer months (Saulnier et al., 2010). These mortalities appeared to be multifactorial,
involving environmental stressors, physiology, and genetics of the oysters. The French shellfish
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pathology network conducted a four-year survey of mortality episodes in cultivated mollusks,
including C. gigas (Saulnier et al., 2010). Vibrio splendidus strains were among the dominant
species detected during an outbreak in 2007. It has been described that metalloproteases in
strains of V. splendidus were a critical factor of lethality when extracellular products were
injected into C. gigas (Saulnier et al., 2010). Experimental infection of C. gigas spat was
conducted to evaluate the metalloprotease virulence factor in Vibrio species (Saulnier et al.,
2010). This study concluded that 90% of metalloprotease positive strains were virulent (Saulnier
et al., 2010). Although there appeared to be other virulence determinants other than
metalloprotease activity. Saulnier et al. (2010) suggested that there may be virulence
mechanisms that are strain-specific involved in the pathogenicity expression (Saulnier et al.,
2010).
There was no extensive research on the contributions pathogenic Vibrio species had on
marine organisms (Bruto et al., 2018). Bruto et al. (2018) conducted a study to determine the
range of virulence in ecologically different Vibrio populations (Bruto et al., 2018). Crassostrea
gigas was used as a model to demonstrate the ancestral virulence trait found in species of the
Splendidus clade (Bruto et al., 2018). The Splendidus clade consisted of the closely related
species: V. splendidus, V. crassostreae, V. tasmaniensis, and V. cyclitrophicus (Bruto et al.,
2018). Two loci linked to virulence were R5.7 exported protein, which was ancestrally derived
and distributed broadly, and a MARTX protein, which was only found in V. splendidus species in
this study (Bruto et al., 2018). The frequency of virulence was evaluated by randomly injecting
oysters from Plum Island with 405 strains from 15 ecologically different populations (Bruto et
al., 2018). Of the 15 populations, six were potentially virulent and the majority of the strains
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were from the Splendidus clade (Bruto et al., 2018). The pathogenicity of V. splendidus
populations varied greatly ranging from entire populations possessing the potential virulence
factors to the virulence factor being lost altogether (Bruto et al., 2018).
Environmental factors are crucial in the opportunistic nature of V. splendidus
pathogenicity (Liu et al., 2016). Many studies have described the viable but nonculturable
nature of Vibrio species at low temperatures. Analyzing gene expression reliant on temperature
has been enhanced through the use of transcriptome sequencing (Liu et al., 2016). Liu et al.
(2016) analyzed the main temperature-dependent genes that are associated with virulence in
V. splendidus. A study was conducted by examining a pathogenic strain (JZ6) and a
nonpathogenic strain (TZ19) at 10°C and 28°C (Liu et al., 2016). Both strains were isolated from
Yesso scallops during winter, however, the JZ6 strain was isolated from a Yesso scallops’ lesions.
The expression levels six different genes, vsm, cqsA, cqsS, toxS, flhG, and rpoS, involved in the
“Vibrio cholerae pathogenic cycle” were evaluated (Liu et al., 2016). The “Vibrio cholerae
pathogenic cycle” was considered a pathway of virulence factors associated with infection,
secreting, and quorum sensing expression. The primers that correlated with the genes being
evaluated were constructed based on the genome of the V. splendidus LGP32 strain and the
16S rRNA primers were used to “verify successful transcription and for calibration of the cDNA
template” (Liu et al., 2016). Comparing the JZ6 and TZ19 strains at 10°C, 388 genes were
upregulated, and 586 genes were downregulated, illustrating the difference in gene expression
among V. splendidus strains. Examining the JZ strain at 10°C and 28°C, there were 422 genes
upregulated and 351 genes downregulated (Liu et al., 2016). The expression levels of the
“Vibrio cholerae pathogenic cycle” genes were significantly higher in the JZ6 strain at 10°C in
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comparison to the JZ6 strain at 28°C and the TZ19 strain at 10°C and 28°C (Liu et al., 2016). The
V. splendidus strain JZ6 was identified as expressing its pathogenicity at temperatures at as low
10°C (Liu et al., 2016). It is important to note that in this study, the JZ6 strain pathogenicity was
weakened at the increased temperature (Liu et al., 2016).

Bacteria Communities Established on Plastic Debris
A study from Amaral-Zettler et al. (2015) examined the genetically distinct plastisphere
communities from the communities in the marine water and how different plastisphere
communities can vary greatly based on its geographic location, seasonality and the plastic-type
(Amaral-Zettler et al., 2015). In that study, they determined whether “Plastisphere”
communities reflected the biogeographical regions of the North Pacific and North Atlantic
subtropical gyres (Amaral-Zettler et al., 2015). Plastic debris was collected along the coast at
various dock locations and from open-ocean sites between California and Hawaii as well as
between Massachusetts and St. George’s, Grenada (Amaral-Zettler et al., 2015). Bacteria
communities on plastic debris were genetically distinct compared to the free-living bacteria
communities in the water column. Their study concluded that there was a significant difference
in community composition based on polymer type only when comparing polystyrene and
polyethylene or between polystyrene and polypropylene. Furthermore, bacterial communities
differed significantly dependent on biogeographical regions (Amaral-Zettler et al., 2015).
A study conducted by Kirstein et al. (2016) aimed to evaluate whether human
pathogenic Vibrio species were present in colonized microplastic communities (Kirstein et al.,
2016). Vibrio cholerae, Vibrio parahaemolyticus, and Vibrio vulnificus were the pathogenic
bacteria of most concern for this study conducted in the North and Baltic Sea. Over 40% of the
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microplastics particles identified were classified as polyethylene. Polypropylene and
polystyrene were commonly found at all collection sites. Over 70% of the microplastic particles
identified were visually jaded signifying its degradation from larger plastic debris. The
potentially pathogenic Vibrio species were mainly found along the coast and estuarine regions
in the North Sea. The species of most concern did not occur in any open water samples (Kirstein
et al., 2016). This study was able to confirm the presence of V. parahaemolyticus on 12
microplastic debris due to identification via matrix-assisted laser desorption/ionization time-offlight mass spectrometry (MALDI-TOF MS) and polymerase chain reaction (PCR) (Kirstein et al.,
2016). There is still a lack of knowledge regarding how long these potentially pathogenic Vibrio
species persist on microplastic particles.
A study conducted by Curren and Leong profiled the bacterial communities on
microplastics along Singapore’s coastline and analyzed the spatial distribution of microplastic
on populated and pristine beaches (Curren and Leong, 2019). Microplastics were collected from
sediment samples at beach locations that were classified as pristine (protected area),
moderately populated (near a small village), and heavily populated (excessive anthropogenic
activity). Five classifications for microplastics were established: fragments, fibers, foam, pellets,
and film. (Curren and Leong, 2019). The collected microplastic particles were washed and
incubated. The water surrounding the microplastics were then prepared for DNA extraction and
sequencing to identify the bacteria present (Curren and Leong, 2019). Microplastic particles
were found at all sampled sites with a significant difference in total abundance between the
three beaches. There was also a significant difference among a reclassification of microplastic
particles type between foam, fragments, and (pellets, fibers, and film) (Curren and Leong,
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2019). An average of 443 Operational Taxonomic Units (OTU) was discovered, with 158 OTU
shared among all three sites. The dominant phylum present across all the sites were
Proteobacteria, Bacteroidetes, and Firmicutes; however, the structure of the communities
differed at each site (Curren and Leong, 2019). This study noted a positive correlation between
microplastic abundance and anthropogenic activity. (Curren and Leong, 2019). The distribution
and microbial community compositions on microplastic debris have not been well documented.
Plastic debris can function as an artificial microbial reef because its hydrophobic surface
can incite biofilm formation and its durability compared to natural substrates (Zettler et al.,
2013). In a study conducted by Zettler et al. (2013), the microbial communities present on
polyethylene and polypropylene collected from the North Atlantic Subtropical Gyre were
compared to the community in the surrounding waters (Zettler et al., 2013). Plastic debris was
collected from surface waters with a 333 µm mesh neuston net. Seawater was filtered through
a 0.2 µm cartridge filter for microbe collection. There was a noticeable increase in species
richness in the seawater communities compared to the communities that colonized the
microplastics (Zettler et al., 2013). Conversely, the communities on the plastic debris expressed
greater evenness compared to the seawater communities. Although the bacterial communities
on polyethylene and polypropylene were distinctively different, 350 bacteria OTU were present
on both plastic types (Zettler et al., 2013). It is important to note that a great abundance of
Vibrio species was detected on microplastic particles. Zettler et al. (2013) infer that each
“Plastisphere” community is characterized by its core taxa, this was determined after a
biomarker analysis was performed. Hydrocarbon degrading bacteria were found in the
“Plastisphere” communities. This study did not definitively prove that plastic degradation was
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occurring, however, it was noted that many microbes grew in the pits of the plastic debris
(Zettler et al., 2013).
Harrison et al. (2014) conducted a study examining bacteria that colonized low-density
polyethylene found in coastal marine sediments (Harrison et al., 2014). A 14-day laboratory
experiment was conducted to evaluate bacteria attachment to the plastic fragments within the
sediment, examine variations in bacterial communities in different sediment conditions, and to
identify the dominant colonizing bacteria (Harrison et al., 2014). Low-density polyethylene was
chosen as the substrate for colonization because it is plastic debris widely found in marine
environments and is constitutes 21% of polymers produced globally (Harrison et al., 2014).
Sediments (fine sand, medium sand, and silt) were collected from three sites in the Humber
Estuary in the United Kingdom. Microcosms were created in triple-vented 55mm Petri dishes
containing sediments, six fragments of low-density polyethylene, and submerged with artificial
seawater (Harrison et al., 2014). DNA was either isolated from the low-density polyethylene
fragments or 0.5g of sediment (Harrison et al., 2014). Bacterial communities in the sediment
were significantly different from the communities formed on the plastic particles. They were
both structurally and taxonomically different. When comparing low-density polyethylene
microcosms across the different sediment types, there was no significant difference among the
bacterial communities (Harrison et al., 2014). Interestingly, the bacterial communities in the
sediments from the three sites remained significantly different throughout the experiment.
Hydrocarbon-degrading microbes have been found with marine plastic debris. However, more
research is needed to fully understand the role they play in the breakdown of microplastics in
sediment.
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In Antarctica, microplastic particles have been documented in surface waters as well as
sediments (Laganà et al., 2019). Research is scarce regarding biofilm formation and bacterial
communities on microplastic debris in the Antarctic regions. Microplastic debris could aid in the
transmission of antibiotic-resistant bacteria, due to its capacity to absorb chemical
contaminants such as POPs. These contaminants are expected to alter the antibiotic resistance
profiles of “Plastisphere” communities (Laganà et al., 2019). The PLANET project (Plastics in
Antarctic Environment) evaluated the presence, abundance, and antibiotic-resistance
characteristics of plastic colonized bacteria. A colonized block of polystyrene was collected at
King George Island in an area that had strong anthropogenic influence. Taxonomic classification
was achieved through the analysis of the 16S rRNA gene of isolated bacteria strains. Biofilm
production and level of adherence and antibiotic susceptibility were evaluated (Laganà et al.,
2019). Twenty-seven bacterial strains, all of which were active in biofilm production, were
isolated from the plastic debris. Species in the genera Pseudoalteromonas and Shewanella were
present. Species in these genera would be typically found in areas contaminated by oil due to
their hydrocarbon-degrading capabilities. King George’s Island would be an irregular region for
them to be found. Laganà et al. (2019) speculated that the anthropogenic activity in this area is
causing the release of hydrocarbon into the surface sediments allowing for species in these
genera to proliferate (Laganà et al., 2019). Every bacteria isolate was completely resistant to
cefuroxime, erythromycin, fosfomycin, lincomycin, linezolid, methicillin, oxacillin, penicillin,
teicoplanin, and vancomycin. The study concluded that plastics serve as a vector for antibioticresistant bacteria, but more research is needed to assess the role plastic play in the
transmission of harmful bacteria (Laganà et al., 2019).
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Materials and Methods
Site Description
One of the sites for this study was Georgia’s Tybee Island, which is a 3.4 mi2 barrier
island located in Chatham County, Georgia (Figure 1). Tybee has a population under 3,000 and
is a popular national tourist destination that plays a significant role in the economy of the
Savannah metropolitan area (City, 2016). With the highest volume of tourism traffic occurring
during May – July, averaging over 13,000 individuals daily. However, national holidays can
attract over 30,000 individuals to the island. According to the 2010 census, there are 3,366
housing units on the island (City 2016). Sapelo Island, GA is a 25.8 mi2 undeveloped barrier
island located in McIntosh county has a population of 70 individuals (Figure 1).

Figure 1. A map of the collection sites on Tybee Island (yellow) and Sapelo Island (red).
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The Georgia Department of Natural Resources manages the island. The Hog Hammock
community owns 434 acres, the only private land on the island (Sapelo Island, 2020; Sullivan,
2019). Home to the University of Georgia Marine Institute and Sapelo Island National Estuarine
Research Reserve (6,100 acres). Sapelo Island is only accessible by ferry and visitors must be
pre-registered to gain access to the island (Sapelo Island National, 2020).

Sample Collection
Samples were collected between March 30, 2019, and January 25, 2020, at selected
locations on both Tybee Island, Georgia, and Sapelo Island, Georgia (Table 1). The spatial
distribution of the four collection sites on Tybee Island is illustrated in Figure 2. The ten Sapelo
Island collection site distribution is shown in Figure 3.
Table 1. Collection site locations GPS coordinates on Tybee Island and Sapelo Island.
Location (Island)
Collection Site
GPS Coordinates (DMS)
Sapelo
Airport Road
31°26'5.81"N, 81°16'48.65"W
Sapelo
West Perimeter Road
31°27'57.32"N, 81°16'4.47"W
Sapelo
Hog Hammock Community
31°25'21.83"N, 81°15'42.00"W
Sapelo
Calbretta Beach
31°26'17.68"N, 81°14'12.82"W
Sapelo
Alligator Pond
31°26'10.09"N, 81°16'33.71"W
Sapelo
DNR Post Office
31°25'55.02"N, 81°16'57.74"W
Sapelo
Duck Pond
31°30'8.94"N, 81°14'21.45"W
Sapelo
Dorm Channel
31°23'47.45"N, 81°16'48.65"W
Sapelo
Nanny Goat Beach
31°22'43.18"N, 81°16'37.15"W
Sapelo
Nanny Goat Beach Pier
31°23'23.32"N, 81°15'51.11"W
Tybee
North Beach
32° 1'25.23"N, 80°50'31.07"W
nd
Tybee
2 Street
32° 0'39.46"N, 80°50'24.71"W
Tybee
Tybee Island Pier
31°59'27.51"N, 80°50'46.58"W
Tybee
Chatham
31°59'16.79"N, 80°50'52.34"W
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Figure 2. Spatial distribution of sampling sites on Tybee Island.

Figure 3. Spatial distribution of sampling sites on Tybee Island
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Field Sampling
Water samples were collected from each site in a sterile 1-liter bottle according to the
EPA water collection standards. Tybee Island samples were collected in May, and September of
2019. Two water samples were taken during each collection trip at each site location therefore,
a total of 16 samples were collected. For the statistical analysis, eight samples were analyzed.
Sapelo Island samples were collected in March, May 2019, and September of 2019 as well as
January 2020. A total of 16 water samples were collected, with four of the collection sites
having duplicate samples taken. For the statistical analysis, 12 samples were analyzed. On two
of the collection trips (May 2019, and January 2020), water samples were collected solely for
qPCR analysis. Samples were kept on ice during transit and were filtered within two days of
collection for qPCR analysis. Water samples were processed within a few days for microplastic
analysis. Sediment samples were collected at sites that did not have a lot of decaying organic
matter or clay particles. On Tybee Island, a total of four sediment samples were collected and
on Sapelo Island, a total of five sediment samples were collected. The sites were chosen based
on previous knowledge of the presence of microplastic research conducted at Georgia College
& State University.

Laboratory Analysis
Microplastic Quantification
A filtration system was employed to quantify microplastics in each environmental water
sample. The water samples were shaken was shaken for about 30 seconds before a 200 mL
aliquot was taken for filtration. The filtering apparatus pumped the 200 mL water sample
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through 0.25 µm pore 55 mm diameter filter paper disc. All water samples were filtered in
duplicates.
Sediment samples were placed in a ceramic dish and dried in an oven at 50 °C for 72
hours. A 100 g subsample the obtained from the dried soils and placed in a clean aluminum
pan. The soil was then covered with 250 mL of a saline solution. The mixture was stirred with a
metal stirring rod for 2 minutes before allowing it to settle without disturbance for 2 hours.
After 2 hours the top aqueous layer was poured into a beaker for filtration following the
procedure describe for water samples described above.
A dissecting microscope was used to identify and quantify microplastic particles present
for each filtered sample. A numbered grid was constructed on a petri dish to aid in counting
and keeping track. The filter disc was then placed on the grid and the microscope was set to a
magnification of 4x. The entire disc was scanned for the presence of microplastics. Microplastic
particles were identified as either colored (blue, purple, red, white, and brown) fibers or
microbeads. The hot needle test was employed for particles that were not easily distinguishable
as microplastics. In the presence of a hot needle, plastic particle shape was distorted. All the
sediment samples had lots of debris present on the filtered disc. Tweezers and a needle were
employed to sift through the debris to search for microplastic particles. The microbeads
appeared both light translucent and a dark opaque in color. The microbeads that were
translucent reflected light and appeared to be shiny. Microbeads were distinguished from salt
crystal by their perfectly spherical shapes. Observing microplastic particles in sediment samples
was challenging. Despite careful decanting of the top aqueous layer from the pans some
sediment still ended up in the liquid and the filter. The utilization of a needle was necessary to
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sift through the sediment to identify microplastic particles beneath and within this sediment
deposit.

Heavy metals quantification
An X-Fay Fluorescence (XRF) spectrometer was used to analyze possible contaminants in
sediment samples. Aliquots of the dried samples were placed in thin plastic bags and analyzed
using a Delta XRF machine Olympus © (Boston, MA) in the lab using already existing laboratory
Quality Assurance and Quality Control (QA/QC). The instrument was calibrated before any use
and sample bags were wiped before being analyzed.

DNA Extraction
The membrane filter technique was employed to concentrate the bacteria present in
the environmental water samples on filter paper. Whatman membrane filters with a porosity of
0.2 µm and 50 mm in diameters from Whatman Plc (Little Chalfont) were used. Samples from
each site were filtered in duplicates, processing 200 mL total from each water sample. The
filtration system was cleaned thoroughly with water after each sample was processed. The
filters were then labeled and placed in 50 mL centrifuge tubes and stored at -18°C for DNA
extraction. DNA extraction was conducted using the DNeasy Powersoil kit (Qiagen Hilden,
Germany). The methodology for DNA extraction was included in the extraction kit (DNeasy,
2017). The extracted DNA was then placed and labeled in a sterile 2 mL centrifuge tube.
Following the extraction, the DNA concentration and purity of each sample were measured
using a nanodrop spectrophotometer in ng/µL and the purity of DNA by examining the 260/280
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ratio. For quantitative polymerase chain reaction (qPCR) analysis the sample DNA concentration
had to be greater than 5 ng/µL. DNA purity can vary widely, however, the purest sample could
have a 260/280 ratio of 1.8 (Desjardins and Conklin, 2010). To establish the DNA purity and
concentration for the environmental samples, 1.6 µL from each sample was evaluated. All
environmental samples were stored at -18°C until qPCR analysis was conducted.

Molecular Source Tracking at selected sites
IDEXX Colilert-18 and Quanti-Tray (IDEXX Westbrook, ME) was utilized for the detection
of fecal pollution in water systems on Sapelo Island. Procedures were followed according to the
manufacturer’s instructions (Colilert-18, 2019). The colilert-18 reagent was added to 100mL of
the water sample and shaken vigorously until the reagent is dissolved. The solution was poured
into a Quanti-Tray which was then sealed with an IDEXX Quanti-Tray Sealer. The Quanti-Tray
was incubated for 18 hours at 44.5°C (Colilert-18, 2019). The presence of fecal coliform was
indicated by the visualization of a change in color (yellow). To indicate fecal pollution, a
statistical threshold value should be over 200 MPN (most probable number). Selected sites at
Sapelo Island and all the sites at Tybee Island were analyzed for fecal pollution from human and
deer sources of origin. To determine the source of the fecal pollution, molecular source tracking
via qPCR analysis was conducted. DNA extraction was conducted on selected water samples.
Then a master mix was created with the following concentrations: 40% RNA free H2O, 50% PCR
Master Mix, 10% BSA buffer, 1.6x27 MgCl2, 1% forward primer, 1% reverse primer and 1 %
probe. When analyzing humans as the source the forward primer (ATCATGAGTTCACATGTCCG),
reverse primer (CGTAGGAGTTTGGACCGTGT), and probe (6FAM-
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CTGAGGAGAAGGTCCCCCACATTGGA-TAMRA) were used and the negative control was bovine
DNA. When analyzing deer as the source the forward primer
(ACAGCCCGCGATTGATACTGGTAA), reverse primer (CAATCGGAGTTCTTCGTGAT), and probe
(FAM-ATGAGGTGGATGGAATTCGTCGTCGTGT-TAMRA) were used and the negative control was
canine DNA.
Quantitative Polymerase Chain Reaction (qPCR) Analysis
The forward primer (ATCATGGCTCAGATTGAACG), reverse primer
(CAATGGTTATCCCCCACATC), probe (FAM CCCATTAACGCACCCGAAGGATTG BHQ1), and V.
splendidus (batch number 5271) were acquired from ATCC Manassas, VA. The forward and
reverse primers, as well as the probe, were resuspended with RNA free DI water to create a 100
pM solution. Vibrio splendidus was rehydrated according to the protocols from ATCC. The DNA
was stored at -18°C in two 2 mL centrifuge tubes. Staphylococcus aureus was established as a
negative control. A boil lysis was conducted; 100 µL of the positive and negative controls were
placed in separate 2 mL centrifuge tubes and boiled in a beaker of water for 5 minutes.
The initial protocol for analyzing V. splendidus via qPCR was adapted from a reference
laboratory manual of established methods by Saulnier (Saulnier and Haffer, 2009). An attempt
to establish a gradient with 0.1 M probe and 0.5 M primers was unsuccessful. The master mix
concentration was as follows: 50% of fast PCR master mix, 10% BSA, 40% RNA free H2O, 1%
forward primer, 1% reverse primer, 1% probe, and 1.6 x (number of wells) MgCl2. The gradient
was unsuccessful because the positive control did not amplify. A series of trial runs were carried
out to amplify the positive control. In the first trial, the concentration of the positive control
was manipulated. The positive control was diluted by 1/10 and 1/100 as well as the amount of
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the positive control was increased, 1 µL, 2 µL, and 3 µL. This trial was unsuccessful. The primers
and probes were resuspended, and another boil lysis was administered to the positive and
negative controls. The second trial was conducted without diluting the positive control but 1 µL
and 2 µL of the positive control were tested. This trial did not result in the positive control
amplifying.
The third trial followed the procedures of the first trial, however, the newly
resuspended primers, probe, and boil lysed positive control were used. This trial was
unsuccessful. In the fourth trial, the concentration of the primers and probe was doubled, and
the concentration of the positive control was increased, 2 µL, 4 µL, and 6 µL. The fifth trial
doubled the concentration of the probe similarly to trial four, but the primer concentration
remained at 1% of the total concentration. In the sixth trial, the denature time and annealing
temperature were adjusted to 15 minutes and 61 °C respectively. The master mix concentration
was not manipulated, and the positive control concentrations were 2 µL and 4 µL. After this
trial, it was assumed that the probe was insufficient, and we could no longer run a probe-based
analysis.
Our first attempt at the dye-based qPCR analysis was successful in amplifying the
positive control. A gradient was established with the following master mix concentration: 50%
EvaGreen supermix, 44% of RNA free H20, 1% forward primer, 1% reverse primer, and 1.6 x (25)
MgCl2. 1 µL of the positive control was added to each well. The ideal annealing temperature
was established at 60°C. The melt curve temperature for the V. splendidus 16S gene was
established at 84.5°C. Once the gradient was established, the environmental samples were
tested for the presence of V. splendidus via the 16S gene. The environmental samples were
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then analyzed following the established procedures and concentration: 50% EvaGreen
supermix, 44% of RNA free H20, 1% forward primer, 1% reverse primer, and 1.6 x (number of
wells) MgCl2. Analyzing the 16S gene was done to evaluate if the bacteria were present on both
islands. Once the presence of the bacteria was established at multiple sites, an analysis of a
virulence factor was conducted. As previously mentioned, there are several genes known as the
“Vibrio cholera pathogenic cycle”, of them the toxS. The toxS gene encodes for transmembrane
regulatory proteins which are critical in the virulence of V. splendidus (Liu et al., 2016).
Environmental samples were considered positive if they exhibited the same melt curve and
melt temperature as the positive control as well as having the comparative threshold cycle (Ct)
value below 34. A positive environmental sample needed to have a melt temperature of 82.5°C
and demonstrate a similar peak to the positive control.

Statistical analysis
Microsoft Excel was utilized to perform an Analysis of Variance (ANOVA) to compare the
abundance of microplastics between the two islands and the seasonal variations on each island.
The confidence level used for all comparisons was 95% . Microsoft Excel was also used to
conduct a student T-test (T-test) comparing the DNA concentration and purity data collected
from each site. SPSS Statistics (IBM, Armonk, NY) was used to perform a point-biserial
correlation between the abundance of microplastics and the presence of V. splendidus 16S
gene at the site on both islands. This statistical analysis allowed us to measure the correlation
between a continuous variable (microplastic abundance) and a dichotomous variable (presence
or absence of V. splendidus). Significance was established at the level of 0.05 (2-tailed).
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Results
Microplastic particles were examined with a dissecting microscope at a 4x
magnification. Figure 4A shows the sediment deposit before the sifting process began. Figures
4B and 5A illustrate the various types of microplastic particles observed with the dissecting
microscope. Microplastic particles were found to be of varying colors and sizes (Figure 5B). The
types of microplastic particles that were found on both islands were microbeads and threadlike filaments (filaments). The most prevalent colors for the filaments were pink, red, blue,
purple, and black. These microplastic filaments were distinguished from algae and other nonplastic materials by pressing firmly with tweezers and a hot needle; microplastic filaments did
not break at the point of impact but shriveled when in contact with a hot needle.

Figure 4. A) Microplastic fiber from sediment sample and B) Microplastic fiber from water
sample.
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Figure 5. Microplastic microbead particle from water sample, and B) Microplastic fibers from
water sample.
The average abundance of microplastic particles in water and sediment samples are
shown in Figures 6 and 7. On Tybee Island eight samples were analyzed and on Sapelo Island 12
samples were analyzed comparing the average abundance of microplastics in water samples.
Four sediment samples were analyzed for Tybee Island sites and five samples for Sapelo Island.
The Chatham site, on Tybee Island, had on average more microplastic particles in water
compared to other sites on the island, 51 particles/100 mL of water (Figure 6), however, the 2nd
street site exhibited the most microplastics in sediment the sediments, 22 particle /100 g of
sediment (Figure 7). On Sapelo Island, the Nanny Goat Pier site had the greatest abundance of
microplastics in the water, 67 particles/ 100 mL (Figure 6) whereas the Nanny Goat Beach site
had the most microplastics in the sediments, 72 particles / 100 g sediment (Figure 7).
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Microplastics per 200ml water
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Figure 6. The average abundance of microplastics found in water samples at each site location
on Tybee Island (red) and Sapelo Island (blue).
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Figure 7. The average abundance of microplastics found in sediment samples at each site on
Tybee Island (red) and Sapelo Island (blue).
A one-way ANOVA was applied to analyze the difference in the abundance of
microplastics between Tybee and Sapelo Island. The statistical analysis indicated that there was
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no statistically significant difference in islands’ mean concentrations of microplastics in both
water and sediment samples collected. However, when an outlier test was conducted, it
revealed that both Nanny Goat collection sites were outliers. These sites were removed, and
the ANOVA was tested again. This resulted in a statistically significant difference in the islands’
mean concentration of microplastics in water samples. Tybee Island averaged 63microplastic
particles per 200mL of water and Sapelo Island averaged 15 microplastic particles per 100mL.
The P-value between groups for water samples was 0.0002. There was no statistically
significant difference in the islands’ mean concentration of microplastics in the sediment. Tybee
Island averaged 13 microplastic particles per 100g of sediment whereas Sapelo Island averaged
9 microplastic particles. The P-value between groups for the sediment samples was 0.502. The
threshold for significance was a P-value of < 0.05. However, utilizing a T-test comparing
individual sites showed Sapelo Islands’ Nanny Goat to have significantly more microplastics in
the sediment samples than any other site.
Another one-way ANOVA analysis was conducted to establish a seasonal
(spring/summer and fall/winter) difference of microplastic abundance in water samples on both
islands. The statistical analysis denoted that there was no statistically significant difference in
Tybee Islands’ mean concentration of microplastics based on seasonality. On Tybee Island, the
spring/summer months averaged 25 microplastic particles per 100 mL of water and the
fall/winter months averaged 76 microplastic particles per 200 mL of water. The P-value
between these two groups was 0.19. The one-way ANOVA also revealed that there was no
statistically significant difference in Sapelo Islands’ mean concentration of microplastics based
on seasonality. On Sapelo Island, the spring/summer months averaged 9 microplastic particles
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per 100 mL of water and the fall/winter months averaged 44 microplastic particles per 100 mL
of water. The P-value between groups was 0.43. The threshold for significance was a P-value of
< 0.05.
Results from the XRF analysis revealed that there were no heavy metal contaminants
present at significant levels on both Tybee and Sapelo Island. All values were either no metals
detected or within normal background levels. For this reason, these results are not presented in
this thesis.
Mean DNA concentrations differed between sites with detected V. splendidus 16S gene
and those with no detections on Tybee and Sapelo Island (Figure 8). On average sites with V.
splendidus 16S gene present had higher concentrations of DNA (mean 17.3 ng/µL) than sites
without (mean 10.4 ng/µL).

DNA Concentration (ng/µL)

25
20
15
10
5
0
16S gene absent in samples

16S gene present in samples

Figure 8. Mean DNA concentration (ng/µL) of collection sites absent of the V. splendidus 16S
gene and sites present with the 16S gene.
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For sites with no V. splendidus 16S genes, the DNA concentrations were positively correlated to
the purity of the DNA with an R2 of 0.79 while at sites with V. splendidus genes there was no
correlation between purity and concentration of DNA (Figure 9). The results also show that sites
absent of the V. splendidus 16S genes had values for DNA concentration and purity more closely
compact while the sites with the bacteria had values more widely distributed.
70

V. splendidus absent
V. splendidus present

60

Linear (V. splendidus absent)
Power (V. splendidus present)

DNA Purity (260/280)

50

y = 17.039x - 6.8458
R² = 0.7915
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R² = 0.1791
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Figure 9. Correlation between DNA concentration and purity at collection sites where V.
splendidus 16S genes was present (orange) and absent (blue).
The qPCR analysis indicated the presence of the 16S gene of V. splendidus at various
sites based on the cycle threshold (Ct) value (Table 2-3) on Tybee and Sapelo Island. The
presence of the virulence factor, toxS gene, was absent at all sites on Tybee Islands and there
were potentially positive amplifications at three sites on Sapelo Island (Table 2-3; Figure 10-11).
A point-biserial correlation was conducted to determine the strength of association between
the presence of V. splendidus and the abundance of microplastics. For Tybee Island, the analysis
revealed the point-biserial correlation coefficient rpb= 0.21 with a significance of 0.46 between
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microplastics and V. splendidus presence. For Sapelo Island, the rpb= 0.38 with a significance of
0.25 between microplastics and V. splendidus presence. The small positive correlations on both
islands were not significant, therefore no significant correlation between the abundance of
microplastics and V. splendidus was found. The threshold for a statistically significant
correlation was < 0.05.
Table 2. Presence of V. splendidus genes at collection sites on Tybee Island. The numeric value
represents the Ct value calculated via qPCR analysis.
Sites
16S
ToxS
North Beach
nd
2 Street
Pier
Chatham
North Beach 1A
29.33
nd
2 Street 1A
Pier 1A
30.50
North Beach 2A
27.39
nd
2 Street 2A
Pier 2A
Chatham 2A
29.17
North Beach 3A
31.17
2nd Street 3A
Pier 3A
Chatham 3A
33.95
Table 3. Presence of V. splendidus genes at collection sites on Sapelo Island. The numeric value
represents the Ct value calculated via qPCR analysis.
Sites
16S
ToxS
Hog Hammock
Duck Pond
31.76
Dorm Channel
28.34
21.59
Dorm Channel 1A
Alligator Pond
21.25
Calbretta Beach
Airport Rd
30.46
21.79
West Perimeter Rd
30.42
DNR Post Office
Nanny Goat Beach
Nanny Goat Beach Pier
29.20
-
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Results from the fecal pollution detection via IDEXX Colilert-18 and Quanti-tray analysis
showed that the Hog Hammock site was the only site on Sapelo Island that exceeded the
statistical threshold value of >200 MPN. Therefore, this was the only site with fecal coliform
pollution. Table 4 shows the most probable number (MPN) for all of the collection sites on
Sapelo Island. The molecular source tracking analysis revealed that the Chatham site on Tybee
Island was the only site on both islands that tested positive for human fecal contamination. This
site had a Ct value of 32.5, for this analysis sites with a Ct value < 34 were considered positive.
Deer fecal contamination was not present in water samples on either Tybee or Sapelo Island.

Table 4. IDEXX Colilert-18 and Quanti-tray analysis of fecal coliform pollution at collection sites
on Sapelo Island.
Sites
MPN
Airport Rd
0
Hog Hammock
1011.2
Nanny Goat Beach
1
West Perimeter Rd
0
Nanny Goat Pier
1
Calbretta Beach
0
Alligator Pond
4.1
DNR Post Office
1
Dorm Channel
5.2
Duck Pond
1

Discussion
Even though both fibers and microbeads were found on both islands, microbeads were
relatively more abundant on Tybee island than Sapelo Island. This is probably due to Sapelo
Island being significantly unurbanized and underdeveloped with very limited anthropogenic
impact. Sapelo island, despite being the 4th largest barrier island in Georgia, only has a small
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portion (less than 500 acres) of its 16,500 acres occupied by the 55 permanent residents and
limited island visitors (GDNR, 2020; SICAR 2020). This island would, therefore, be more
dominated by microplastics from the degradation of plastics than from cosmetics as a source.
As for Tybee Island, it makes sense that it had more microbeads than Sapelo because
microbeads can still be found in a variety of personal care items (Oberbeckmann et al., 2015).
Therefore, it is of little wonder that these particles are in higher abundance in areas with heavy
anthropogenic influences, especially open beaches. Thread-like fiber microplastics were found
in similar abundance on the two islands. Aside from larger plastic degradation, microplastic
fibers could originate from synthetic clothing fibers. Synthetic clothing fibers can enter aquatic
environments via washing machine efflux into treated wastewater (Yu et al., 2018) or from
clothes and fabric people bring to the beach.
The Chatham site on Tybee island had the greatest abundance of microplastics in the
water while the 2nd street site had the most microplastics in sediments (beach sand). This is
contrary to what would be expected based on human traffic at the various sites (Browne et al.,
2011). The Tybee Island Pier site had the most human traffic and litter strewn on the beach.
Therefore, this site was expected to have the most abundance of microplastics. The location of
the Chatham site, at the tip of the island, could explain the relative abundance of microplastics
in the water column compared to the other sites on the island. The water coming down the
channel from the northwest and the water coming along the west coast both bring
microplastics and meet at the tip resulting in more microplastics in the water column at the
site.
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The Nanny Goat site on Sapelo Island had the highest abundance of microplastics both
in the water column and the sediment. With respect to Sapelo, these results were expected
because Nanny Goat beach is the most trafficked beach on the island. What was not expected
was that this site would have the highest concentrations of microplastics of all sites sampled in
sediments on both islands. The hypothesis was that Tybee, which is more urbanized, more
touristic, and with more beachgoers than Sapelo would have sites with more microplastics than
Sapelo. One possible explanation for this result could be that the relatively harder sandy
beaches of Sapelo Island do not get easily remobilized by tidal waves and as a result are able to
store more microplastics for a longer time than the softer sands of Tybee. One major
observable physical difference between Tybee beaches and Sapelo beaches was the hardness
of the beach sands. On Sapelo, the sand seems more compacted and harder to agitate (and
more uncomfortable to walk on with bare feet) than Tybee where the sand is loose and soft.
A comparison within islands was made utilizing a one-way ANOVA. This comparison
evaluated microplastic abundance in water samples based on seasonality on Tybee Island and
Sapelo Island. On Tybee Island, every collection site was evaluated whereas on Sapelo Island
three collection sites were utilized for this analysis. The sites that were selected were Nanny
Goat Pier (high trafficked area), Hog Hammock Community (medium trafficked area), and Duck
Pond (low trafficked area). The one-way ANOVA comparing the seasonal difference in average
microplastic concentrations showed no significant difference in abundance of microplastics on
either Tybee or Sapelo island. This was unexpected considering that beach areas are usually
visited more during spring/summer months than in the fall/winter. Therefore, we expected to
see significantly more microplastics present from March to August on average.
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The one-way ANOVA comparing overall island average microplastic concentrations
showed no significant difference in abundance of microplastics between Tybee and Sapelo
island. For the water column, this is probably an artifact of the high concentrations at Nanny
Goat, which masked the difference between the two islands. Due to both Nanny Goat sites
failing the outlier test, they were excluded, and the one-way ANOVA was retested. The
outcome of this one-way ANOVA analysis showed a significant difference in the abundance of
microplastics between Tybee and Sapelo Island in the water samples. There was no statistically
significant difference for sediment microplastics concentrations, even after removing Nanny
Goat sites from the one-way ANOVA analysis. This was surprising considering that all the
sampling sites on Tybee were active beach areas while most of Sapelo Island’s sites had very
little human impacts. These results show the ubiquitous nature of microplastics and reaffirm
the urgent need for more research and solutions to the global plastic pollution problem
distribution (Amaral-Zettler et al., 2015; Kirstein et al., 2016). If protected areas with low
human-impacts like the sites on Sapelo Island can have as high a concentration of microplastics
in sediment as Tybee, then all our aquatic environments are most likely impacted.
Analysis of heavy metals in the sediments showed no elevated metals of concern at all
sites. These results show that the sources of the microplastics on these islands are not
associated with toxic heavy metal effluents. This also shows that the relative differences in
concentration of V. splendidus bacteria found at these sites were not a result of interference
from heavy metals.
Sites, where V. splendidus 16S gene was present, had on average a relatively higher
concentration of DNA compared to sites where the 16S gene was absent. It was beyond the
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scope of this study to determine whether these elevated concentrations of DNA were due V.
splendidus or other DNA-based microbial organisms. Microbial community assessment would
be needed to determine what microorganisms accounted for the elevated DNA concentrations
at these sites. There was a positive correlation between DNA concentration and DNA purity for
sites that did not have the V. splendidus 16S gene. No correlation between DNA concentration
and purity was found at sites containing the V. splendidus 16S gene. This is an interesting
observation because typically DNA purity is not correlated to bacteria type. Another
unexpected result was that only one site tested positive for human Fecal pollution. The
molecular source tracking at Tybee showed that the Chatham site was the only site that tested
positive for human fecal contamination. The positive sample was collected at the beginning of
summer and the beach was busy, which could explain why Chatham had human fecal pollution.
It was surprising and great news that the other sites on Tybee had no fecal pollution. On Sapelo
Island, only one site tested positive for fecal bacteria. This site was a ditch outside the local
store, car wash, and community hangout on Sapelo Island. Molecular source tracking of the
bacteria revealed that these bacteria were neither from human nor ruminant fecal pollution.
The qPCR analysis indicated the presence of V. splendidus via the 16S gene at multiple
sites on both Tybee and Sapelo Island. Numerous studies mention the abundance of V.
splendidus in marine environments (Gay et al., 2004; Le Roux et al., 2004; Nasfi et al., 2015). On
Sapelo Island, three sites were potentially positive for the toxS gene. These sites were Airport
Rd, Alligator Pond, and Dorm Channel. These sites exhibited similar peaks to the positive
control however, the melt curve temperatures were not exact. Fortunately, none of the sites on
Tybee Islands tested positive for the pathogenic gene toxS. The pathogenicity of V. splendidus
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populations varies greatly, therefore, it is a possibility that the virulence factor has been lost
altogether from the populations present in the environmental samples on these islands as has
been reported in other studies (Bruto et al., 2018). With the absence of the toxS gene on Tybee
Island, we can conclude that none of the sites carried pathogenic V. splendidus, although more
surveillance needs to be carried out at the potentially positive sites on Sapelo Island.
A point-biserial correlation analysis between microplastic abundance and bacteria
presence was conducted and no significant correlation was found. Tybee and Sapelo island both
had a weak positive point-biserial correlation coefficient, rpb= 0.21 and rpb=0.38 respectively. In
addition to the weak positive correlation coefficient, neither correlation was statistically
significant. This means that V. splendidus did not have a significantly positive association with
the presence of microplastics at sites where they both were present. Based on the results from
this study, it can be concluded that microplastics are very pervasive on these two islands and by
extension other barrier islands and coastal waters in this region. It also appears that the
pathogenicity (based on the toxS gene) of V. splendidus, despite the presence of nonpathogenic V. splendidus in the coastal waters and human fecal bacteria, is not an issue on
Tybee and might be an issue at Sapelo. This, however, needs more extensive research and
monitoring (both spatial and temporal) to be taken as the status quo.

Conclusion
Research on the abundance and distribution of microplastics in marine environments is scarce.
Prior to this study, there was a lack of available data on the occurrence of V. splendidus along
coastal Georgia. The purpose of this study was to evaluate the presence, abundance and
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occurrence of microplastic particles and a potential oyster pathogen, V. splendidus, and to
establish a correlation between them. This study was the first to examine the relationship
between microplastics and bacteria along coastal Georgia although a correlation could not be
established. Rather than establishing a correlation, an area of future research could examine
whether V. splendidus colonizes microplastic particles along coastal Georgia. Taking this
approach, researchers can evaluate the type of microplastic particles occupied. Another avenue
for further research could include examining the presence of virulent V. splendidus based on
seasonality. An expansion of this research could include collection sites near oyster beds which
could be impactful for coastal sites that conduct oyster harvesting. Seasonality data could
provide information that could further impact the time of year oysters are harvested.
In future research, collecting from sites along the entire coastline of Tybee Island and
sites on Sapelo Island that are restricted to tourist and heavily trafficked areas. With this
expansion of collection sites, examining the abundance of microplastics over multiple years
could further demonstrate a significant difference in abundance between the two islands.
Researchers could also analyze the specific type of plastic most prevalent along coastal Georgia.
As mentioned previously, data on microplastics and its influences along coastal Georgia is
scarce, the analysis conducted for this thesis can provide foundational data for further
research.
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Appendix

Figure 10. The presence of V. splendidus 16S gene at collection sites.

Figure 11. The presence of V. splendidus toxS genes at collection sites.
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